A density functional study of the hydrogen-bond network within the HIV-1 protease catalytic site cleft.
The relative energy between two different protonation sites of the Asp25' catalytic site residue is computed and analyzed for various HIV-1 Protease/inhibitor complexes and compared to the wild-type structure. By comparing calculations of negatively charged fragments of gradually increasing size up to 105 atoms we show that correct modeling of the HIV-1 Protease active site requires much larger models than the commonly used acetic acid/acetate moieties. The energy difference between the two proposed protonation sites decreases as the size of the system increases and tends to converge only when the entire catalytic triad of both monomers is taken into account. The importance of the Gly27 backbone amine groups in the stabilization of the negative charge within the catalytic site cleft is revealed. Comparison of the wild-type structure with the structures from various Pr/drug complexes indicates that the HIV-1 protease has a particular catalytic site flexibility.